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^SEMICO NDUCTOR DEVICE AND l 
MANUFACTURING METHOD THEREFOR 



Technical Field 

Hie present invention relates to a semiconductor device having a 
gate insulator film constituted of high-dielectric insulating material and a 
manufacturing method for the same and more particularly relates to a 
10 semiconductor device formed on the same substrate and constituted of 
plural kinds of transistors having plural kinds of gate insulator films and a 
manufacturing method therefore. 

Background of the Art 

15 In a semiconductor device using MOSFET (metal-oxide 

semiconductor field-effect transistor), accompanied with high performance 
and integration, thinning of the gate insulator film constituting the 
MOSFET has been advanced. For instance, to improve electric current 
driving capability in a MOSFET of gate length of 100 nm or less, film 

20 thickness thereof is required to be 1.5 nm or less in accordance with a 
scaling law when a silicon oxidation film is used as the gate insulator film. 
On the other hand, when such a ultra-thin silicon oxidation film is used as 
the gate insulator film, tunnel electric current generated with sandwiching 
the gate insulator film in applying a gate bias can not be ignored to 

25 source/drain electric current. To suppress such increase of the tunnel 
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electric current has been a major issue in achieving high performance and 
low electric power consumption in the MOSFET. 

In addition, in these years, development of extra-low-power-consumption 
device has been required with a focus on mobile use. In these 
5 semiconductor devices for mobile use, individual element itself is designed 
in a device scale in which the film thickness of the gate insulator film can 
be formed larger compared with the semiconductor device for high 
performance and integration. In order to achieve extra-low power 
consumption as a whole, however, it is required to drastically reduce 
10 unnecessary leak electric current such as the tunnel electric current in 
application of the gate bias compared with conventional devices using 
silicon oxidation film as the gate insulator film. 

Thus, some techniques have been developed for thinning in effective 
(electrical) film thickness of the gate insulator film and simultaneously 
15 suppressing the tunnel electric current within allowable values on the 
device design both of a high-performance element and a 
low-power-consumption element. 

One of the techniques is a method constituted of; adding nitrogen into a 
silicon oxidation film to form the gate insulator film having an increased 

20 dielectric constant compared with a pure silicon oxidation film, and thereby 
reducing effective film thickness of the gate insulator film without 
physically thinning the film thickness. Further in recent years, there has 
been carried out, instead of the silicon oxidation film, an approach to use as 
insulating material for the gate insulator film, insulative metal oxide thin 

25 film with the dielectric constant of 10 or more or an insulative silicate thin 
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film formed with composite material of these insulative metal oxide 
material and silicon. Rare-earth element oxide such as A1 2 0 3 , Zr0 2 , Hf0 2 , 
and Y 2 0 3 , lanthanoid rare-earth element oxide such as La 2 0 3 , or silicate 
thin film thereof are under consideration. 
5 In addition, in case of using insulating material with the high-dielectric 
constant as the gate insulator film, improvement of electric properties of 
boundary face, namely, interface between the gate insulator film and a 
silicon substrate is a significant development subject. 

As a solution, there is proposed layer structure constituted of an insulating 
10 film of insulating material with high dielectric constant (defined herein as a 
high-dielectric insulating material film), an interface oxide film and the 
silicon substrate by inserting an interface layer based the silicon oxidation 
film between the high-dielectric insulating material film and the silicon 
substrate. Following methods are listed as a method of forming the layer 
15 structure provided with this interface oxide film, for instance, a method of 
previously forming an oxide film layer on a silicon substrate surface as a 
base oxide film prior to film forming of the high-dielectric insulating 
material film, or a method of directly forming the high-dielectric insulating 
material film on the silicon substrate surface, thereafter subjecting the 
20 silicon substrate to heat treatment, and thereby growing a 
thermally-oxidized film layer on an interface. 

While, as mentioned above, regarding the gate insulator film constituting 
individual element, various properties are required depending on the use 
and further when constituting an integrated circuit using a plurality of 
25 elements a technique is required to form on the same substrate, for instance, 
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many kinds of purposive transistors different from each other in the 
respective element constitutions. 

Specifically, there are cases of forming on the same substrate a transistor 
for high speed operation and a transistor of low-power-consumption type 
5 and of forming a transistor constituting an internal circuit and a transistor 
of input/output portion. In these cases, different kinds of transistors are 
desirably designed for different element structures in which thickness of the 
gate insulator film is appropriately selected depending on respective uses. 
Further regarding a tunnel insulating film used in a flash memory etc. an 

10 insulating film different from the gate insulator film of normal MOSFET is 
used, thereby optimization thereof is required to be performed. 
When preparing an integrated circuit using a plurality of different kinds of 
elements, a technique is required to form on the same substrate plural kinds 
of insulating films different in effective (electric) film thickness depending 

15 on each kind of element. This preparing technique is called multi-oxide 
process. Now, development of the technique is pressing need, and some of 
the techniques have been proposed before. 

A first technique of the multi-oxide process already proposed is a process 
of preparing a plural kind of insulating films different in film thickness by 

20 sequentially repeating the following steps of; patterning a silicon oxidation 
film formed on a silicon substrate surface through a resist mask and 
hydrofluoric acid solution treatment, providing an opening of partially 
stripped off silicon oxidation film, thereafter forming desired insulating 
film (silicon oxidation film) at the opening portion. 

25 A second technique of the multi-oxide process already proposed is a 
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process of forming plural kinds of insulating films different in the film 
thickness by performing ion implantation into a specific portion of a silicon 
substrate surface, and changing (speeding up) oxidation rate in the ion 
implantation region compared with the other region. These processes are 
5 now under discussion. 

In the techniques of the multi-oxide process already proposed above, 
debate is proceeding with a central focus on a technique of selectively 
changing film thickness of the silicon oxidation film itself. However, 
following problems exist in the process. For instance, in the technique of 

10 sequentially repeating steps of partially exfoliating of the silicon oxidation 
film through the resist mask and selective wet-etching and thereafter 
forming the silicon oxidation film again at the opening, entire steps become 
complicated as the kinds of the prepared silicon oxidation film different in 
the film thickness increase, and further exposure on a wafer surface after 

15 exfoliating of the silicon oxidation film becomes a problem, 

A cleaning step of removing the contamination on the wafer surface in the 
silicon oxidation film exfoliating portion (device region) comprises the 
steps of exfoliating the resist mask with chemical, and thereafter cleaning 
an entire wafer surface with mixture of ammonia and hydrogen peroxide 

20 solution and mixture of sulfuric acid and hydrogen peroxide solution, and 
then there is formed a thin oxide film (chemical oxide film) on the silicon 
surface. The oxide film remaining after this cleaning step has variation in 
film thickness and is inferior in insulation properties and crude in film 
quality. Therefore, when forming a thinner gate oxide film, the step of 

25 forming the gate oxide film is performed after previously exfoliating with 
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the hydrofluoric acid solution. 

However, this step of exfoliating chemical oxide film (etching removal) is 
carried out after removing the resist mask covering a thick silicon oxidation 
film surface, and therefore a problem that loss in film thickness is slightly 
5 caused in the thick silicon oxidation film region arises. 

In order to deal with the loss nitxiding treatment or cladding 
different kind of insulating film is performed on the thick silicon oxidation 
film surface that reduces etching rate than that of the chemical oxide film 
formed in the cleaning step of the above exposure removal. A process 
10 utilizing the difference in etching rate is proposed to suppress the loss on 
the thick silicon oxidation film surface which is caused through exfoliating 
of the chemical oxide film. 

The detail of the process is, for instance, disclosed in Japanese laid open 
patent number 2001-196464. 

15 On the other hand a step of recovering damages arising from ion 

irradiation is indispensable for controlling oxidization rate. For instance in 
case of adding a step accompanied by heat treatment, undesired affection 
may arise to other steps. Further it is pointed out from a practical 
standpoint that there exists constraint in the aspect of productivity and cost 

20 accompanied by the step of the selective ion irradiation. 

As described above, in order to realize optimization of individual 
element performance, specifically high performance and low electric power 
consumption it is necessary to use high-dielectric insulating material film 
and to employ a multi-oxide process corresponding to it, instead of silicon 

25 oxide. 
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In case of utilizing high-dielectric insulating material film it is already 
proposed as element constitution that insulating films different from each 
other are employed between a high speed operation element and an element 
with the type of low electric power consumption or between an element 
5 constituting internal circuit and an element at input/output portion. 
Specifically, combination of silicon oxidation film or silicon oxynitride 
film and metallic oxidation film with high-dielectric insulation can be 
thought as the element constitution. As for the corresponding multi-oxide 
process, the step of the above high -dielectric insulating material film is 

10 focused on a deposition technique onto silicon substrate surface. 
Accordingly, it is difficult in general to apply the technique utilized in 
controlling oxidation rate of silicon substrate by ion implantation. 

Therefore, when utilizing the deposition technique onto silicon 
substrate surface in the step of forming the high-dielectric insulating 

15 material film, a method can be thought as a basic example of the 
corresponding multi-oxide process, in which partially forming an opening 
portion by the use of mask such as resist, in addition, oxidization or 
oxidizing and nitriding of the opening region, and depositing 
high-dielectric insulating material film are sequentially repeated. 

20 Then, as in the case of the multi-oxide process utilizing silicon oxidation 
films it is supposed that there arise deterioration of uniformity in film 
thickness and contamination of silicon substrate surface exposed on the 
opening portion, etc. accompanied by forming the opening. Particularly in 
case of utilizing metal oxide films with high-dielectric insulation, it is 

25 concerned that adhesion of metal element to silicon substrate surface 
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arising from the removal (etching) step becomes a new factor of 
contamination, because the silicon substrate surface is exposed to the 
opening portion. 

Accordingly, it is desired to propose a new element constitution in 
5 semiconductor device and a new process suitable for a multi-oxide process 
corresponding to a multi-oxide structure which enables to avoid new 
factors of contamination supposed to arise in utilizing those high-dielectric 
insulating material films, and which utilizes high-dielectric insulating 
material films formed by the use of deposition techniques. 

10 

Disclosure of the Invention 

The present invention is to solve the above issues. 
An object of the present invention is to provide semiconductor device 
structure which can suppress wafer contamination in multi-oxide process 

15 and is superior in controllability and uniformity of film thickness or 
productivity, in addition to improvement of operation characteristics in an 
element such as lowering of electric power consumption and increasing of 
reliability in a semiconductor device including plural kinds of transistors 
having gate insulator films with different film thickness. 

20 Further, another object of the present invention is to provide a 
manufacturing method of a semiconductor device which can suppress 
wafer contamination in multi-oxide process and is superior in 
controllability and uniformity of film thickness or productivity, in addition 
to improvement of operating characteristics in an element such as lowering 

25 of electric power consumption and increasing of reliability in a 



U4 iU/14 1UU 16: 07 FAA 03 34QZ 4660 



McGlnn&Gibb 



©010 



semiconductor device including plural kinds of transistors having gate 
insulator films with different film thickness. 

To solve the above issues we, inventors of the invention, have 
researched with all our hearts. 
5 In the research, inventors have found out that, in case that at least two 
transistors in a semiconductor device using plural kinds of transistors are 
formed on the same silicon substrate and formed so as to have a gate 
insulator film with different electric film thickness each other, and the one 
transistor including a first insulating film constituted of first high-dielectric 

10 insulating material in the gate insulator film and the other transistor having 
lamination structure including a second insulating film constituted of 
second high-dielectric insulating material in addition to the first insulating 
film constituted of the first high-dielectric insulating material in the gate 
insulator film, both gate insulator films can be constituted so as to be 

15 different from each other in the electric film thickness. Further, the 
inventors have confirmed that by employment of such element constitution, 
subsequent process can be performed without exposing the silicon substrate 
surface beneath the gate insulator film after forming the first insulating film 
constituted of the first high-dielectric insulating material, thereby effecting 

20 suppression of wafer contamination in multi-oxide process. Based on the 
above knowledge, the inventors have accomplished the present invention. 

A semiconductor device provided by first aspect of the present 
invention is; 

a semiconductor device including plural kinds of transistors, the plural 
25 kinds of transistors including at least: 



U4 1U/14 THU lb:0tt t'AJL 03 3402 4660 



-*->-♦ McGlrm&Glbb 



lg] Oil 



10 

a first transistor provided with a first gate insulator film which includes a 
first insulating film constituted of first high-dielectric insulating material 
and has first electric film thickness and 

a second transistor provided with a second gate insulator film which 
5 includes layer structure including the first insulating film and a second 
insulating film constituted of second high-dielectric insulating material 
different from the first high-dielectric insulating material and has second 
electric film thickness different from the first electric film thickness, 

the first and the second transistors being formed on the same 
10 silicon substrate. 

In the above case, the semiconductor device can be constituted 
such that the first and the second high -dielectric insulating material include 
elements with different constitution each other. 

In the above case, the semiconductor device can be constituted 
15 such that the first and the second high-dielectric insulating material include 
elements with the same constitution and different ratio of composition each 
other. 

In the above case, the semiconductor device can be constituted 
such that the first and the second high-dielectric insulating material have* 
20 different crystal structure each other. 

In the above case, the semiconductor device can be constituted 
such that at least one of the first and the second insulating films 
continuously changes in the direction of film thickness in at least any one 
of kinds of constitutive element and ratio of composition. 
25 In the above case, the semiconductor device can be constituted 
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such that the first and the second high-dielectric insulating material have 
different density each other. 

In the above case, the semiconductor device can be constituted 
such that the first and the second insulating films have different profiles 
5 each other with respect to density of dangling bond in the films in the 
direction of the film thickness. 

In the above case, the semiconductor device can be constituted 
such that an interface layer constituted of at least any one of a silicon 
oxidation film, a silicon oxynitride film or a silicon nitriding film exists on 
10 interface between the first insulating film or the second insulating film, and 
relevant silicon substrate in at least one of the first and the second gate 
insulator films. 

In the above case, the semiconductor device can be constituted such that 
the first and the second high-dielectric insulating material included in the 

15 second gate insulator film are different from each other in etching rate for 
wet-etching, and an insulating film constituted of insulating material with 
relatively high etching rate is extending on an insulating film constituted of 
insulating material with relatively low etching rate. In this case, for 
instance, the etching rate is the etching rate for hydrofluoric acid solution. 

20 In the above case, the semiconductor device can be constituted such that 
the first and the second high-dielectric insulating material included in the 
second gate insulator film are different from each other in etching rate for 
vapor phase etching, and an insulating film constituted of insulating 
material with relatively high etching rate is extending on an insulating film 

25 constituted of insulating material with relatively low etching rate. In this 
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case, for instance, the etching rate is the etching rate for vapor phase 
etching by fluorine radical. 

In the above case, the semiconductor device can be constituted 
such that the layer structure including the first insulating film and the 
5 second insulating film comprises a layer modulated in composition in the 
direction of film thickness, underneath region of the layer being formed 
with a first insulating film constituted of the first high-dielectric insulating 
material and upper region of the layer being formed with a second 
insulating film constituted of the second high-dielectric insulating materiaL 
10 A semiconductor device provided by second aspect of the present invention 
is; 

a semiconductor device constituted of at least; 

first insulating film structure which includes a first insulating film 
constituted of first high-dielectric insulating material and has first electric 

15 film thickness and 

second insulating film structure which includes layer structure including 
the first insulating film and a second insulating film constituted of second 
high-dielectric insulating material different from the first high-dielectric 
insulating material and has second electric film thickness different from the 

20 first electric film thickness, 

the first and the second insulating film structure being formed on 
the same semiconductor substrate. 

In the above case, the semiconductor device can be constituted 
such that the first and the second high-dielectric insulating material include 

25 elements with different constitution each other. 
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In the above case, the semiconductor device can be constituted 
such that the first and the second high-dielectric insulating material include 
elements with the same constitution and different ratio of composition each 
other. 

5 In the above case, the semiconductor device can be constituted such that 
the first and the second high-dielectric insulating material have different 
crystal structure each other. 

In the above case, the semiconductor device can be constituted such that at 
least one of the first and the second insulating films continuously changes 
10 in the direction of the film thickness in at least any one of kinds of 
constitutive element and ratio of composition. 

In the above case, the semiconductor device can be constituted such that 
the first and the second high-dielectric insulating material have different 
density each other. 

15 In the above case, the semiconductor device can be constituted such that 
the first and the second insulating films have different profiles each other 
with respect to density of dangling bond in the films in the direction of film 
thickness. 

In the above case, the semiconductor device can be constituted such that 
20 the semiconductor substrate is constituted of silicon substrate, and an 
interface layer constituted of at least any one of a silicon oxidation film, a 
silicon oxynitride film or a silicon nitriding film exists on interface between 
the first insulating film or the second insulating film, and relevant silicon 
substrate in at least one of the first and the second gate insulator films. 
25 In the above case, the semiconductor device can be constituted such that 
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the first and the second high-dielectric insulating material included in the 
second insulating film structure are different from each other in etching rate 
for wet-etching, and an insulating film constituted of insulating material 
with relatively high etching rate is extending on an insulating film 
5 constituted of insulating material with relatively low etching rate. In this 
case, for instance, the etching rate may be the etching rate for hydrofluoric 
acid solution. 

In the above case, the semiconductor device can be constituted such that 
the first and the second high-dielectric insulating material included in the 

10 second insulating film structure are different from each other in etching rate 
for vapor phase etching, and an insulating film constituted of insulating 
material with relatively high etching rate is extending on an insulating film 
constituted of insulating material with relatively low etching rate. 
In the above case, the semiconductor device can be constituted such that 

15 the etching rate is the etching rate for vapor phase etching by fluorine 
radical. 

In the above case, the semiconductor device can be constituted such that 
the first and the second insulating film structure are included in different 
kinds of first and second semiconductor elements which are formed on the 
20 same semiconductor substrate and contact with the semiconductor substrate 
surface. 

In the above case, the semiconductor device can be constituted such that 
the first and the second semiconductor elements are of the type of field 
effect transistor, and the first and the second insulating film structure are 
25 provided for electrically separating an electrode for controlling electric 
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field from the semiconductor substrate surface. 

In the above case, the semiconductor device can be constituted such that 
the layer structure including the first insulating film and the second 
insulating film comprises a layer modulated in composition in the direction 
5 of film thickness, underneath region of the layer being formed with a first 
insulating film constituted of the first high-dielectric insulating material 
and upper region of the layer being formed with a second insulating film 
constituted of the second high-dielectric insulating material. 
A semiconductor device provided by third aspect of the present invention 
10 is; 

a semiconductor device including plural kinds of semiconductor elements, 
the plural kinds of semiconductor elements including at least: 
a first semiconductor element provided with first insulating film structure 
which includes a first insulating film constituted of first high-dielectric 
15 insulating material with first etching rate and has first electric film 
thickness and 

a second semiconductor element provided with a second insulating film 
structure which includes layer structure including the first insulating film 
and a second insulating film constituted of second high-dielectric insulating 
20 material with second etching rate different from the first etching rate, and 
which has second electric film thickness different from the first electric 
film thickness, 

the first and the second semiconductor elements being formed on 
the same silicon substrate surface. 
25 In the above case, the semiconductor device including plural kinds of 
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semiconductor elements can be constituted such that the first and the 
second high -dielectric insulating material include elements with different 
constitution each other. 

In the above case, the semiconductor device including plural kinds of 
5 semiconductor elements can be constituted such that the first and the 
second high-dielectric insulating material include elements with the same 
constitution and different ratio of composition each other. 
In the above case, the semiconductor device including plural kinds of 
semiconductor elements can be constituted such that the first and the 
10 second high-dielectric insulating material have different crystal structure 
each other. 

In the above case, the semiconductor device including plural kinds of 
semiconductor elements can be constituted such that at least one of the first 
and second insulating films continuously changes in the direction of the 
15 film thickness in at least any one of kinds of constitutive element and ratio 
of composition. 

In the above case, the semiconductor device including plural kinds of 
semiconductor elements can be constituted such that the first and the 
second high-dielectric insulating material have different density each other. 

20 In the above case, the semiconductor device including plural kinds of 
semiconductor elements can be constituted such that the first and the 
second insulating films have different profiles each other with respect to 
density of dangling bond in the films in the direction of film thickness. 
In the above case, the semiconductor device including plural kinds of 

25 semiconductor elements can be constituted such that an interface layer 
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constituted of at least any one of a silicon oxidation film, a silicon 
oxynitride film or a silicon nitriding film exists on interface between the 
first insulating film or the second insulating film, and relevant silicon 
substrate in at least one of the first and the second gate insulator films. 
5 In the above case, the semiconductor device including plural kinds of 
semiconductor elements can be constituted such that the first and the 
second high-dielectric insulating material included in the second gate 
insulator film are different from each other in etching rate for wet-etching, 
and an insulating film constituted of insulating material with relatively high 

10 etching rate is extending on an insulating film constituted of insulating 
material with relatively low etching rate. In this case, for instance, the 
etching rate may be the etching rate for hydrofluoric acid solution. 
In the above case, the semiconductor device including plural kinds of 
semiconductor elements can be constituted such that the first and the 

15 second high-dielectric insulating material included in the second insulating 
film structure are different from each other in etching rate for vapor phase 
etching, and an insulating film constituted of insulating material with 
relatively high etching rate is extending on an insulating film constituted of 
insulating material with relatively low etching rate. In this case, for 

20 instance, the etching rate may be the etching rate for vapor phase etching 
by fluorine radical. 

In the above case, the semiconductor device including plural kinds of 
semiconductor elements can be constituted such that the layer structure 
including the first insulating film and the second insulating films comprises 
25 a layer modulated in composition in the direction of film thickness, 
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underneath region of the layer being formed with a first insulating film 
constituted of the first high-dielectric insulating material and upper region 
of the layer being formed with a second insulating film constituted of the 
second high-dielectric insulating material. 
5 A method for manufacturing a semiconductor device provided by 

fourth aspect of the present invention is; 

a method for manufacturing a semiconductor device including 
plural kinds of transistors, wherein at least two kinds of transistors included 
in the plural kinds of transistors are formed on the same silicon substrate 
10 and have gate insulator films in which electric film thickness are different 
each other, and 

wherein the semiconductor device includes, as the two kinds of transistors, 
a first transistor provided with a first gate insulator film including partially 
therein a first insulating film constituted of at least first high-diejectric 

15 insulating material, and a second transistor provided with a second gate 
insulator film including partially therein laminate structure of a first 
insulating film constituted of at least the first high-dielectric insulating 
material and a second insulating film constituted of second high-dielectric 
insulating material, 

20 the method constituted of; 

a step for forming the first and second gate insulator films and the step at 
least including 

a step for forming layer structure including a first insulating film 
constituted of the first high-dielectric insulating material and a second 
25 insulating film constituted of the second high-dielectric insulating material 
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and extending on the first insulating film, in a first forming region for 
forming the first transistor and in a second forming region for forming the 
second transistor, both regions being selected on the same silicon substrate, 
and 

5 a step for selectively removing the second insulating film while remaining 
the first insulating film at least in the first forming region. 
In the above case, the method for manufacturing a semiconductor device 
may be constituted such that in the step for selectively removing the second 
insulating film, the second insulating film is selectively etched and 

10 removed by wet-etching process utilizing etching solution with solution 
composition in which difference of etching rate exists between etching rate 
to the second high-dielectric insulating material and etching rate to the first 
high-dielectric insulating material. In this case, for instance, the etching 
solution may be hydrofluoric acid solution. 

15 In the above case, the method for manufacturing a semiconductor device 
may be constituted such that in the step for selectively removing the second 
insulating film, the second insulating film is selectively etched and 
removed by vapor phase etching process utilizing fluorine radical with 
mid-level vapor phase density in which difference of etching rate exists 

20 between etching rate to the second high-dielectric insulating material and 
etching rate to the first high-dielectric insulating material. 
In the above case, the method for manufacturing a semiconductor device 
may be constituted such that the method further includes a step for forming 
a base insulating film constituted of at least any one of a silicon oxidation 

25 film, a silicon oxynitride film and a silicon nitriding film in the first and 
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second forming regions, thereby forming the first insulating film on the 
base insulating film. 

In the above case, the method for manufacturing a semiconductor device 
may be constituted such that in the step for selectively removing the second 
5 insulating film, the second insulating film is selectively etched and 
removed by wet-etching process utilizing etching solution with solution 
composition in which difference of etching rate exists between etching rate 
to the second high-dielectric insulating material and etching rate to the first 
high-dielectric insulating material or the base insulating film. In this case, 

10 for instance, the etching solution may be hydrofluoric acid solution. 

In the above case, the method for manufacturing a semiconductor device 
may be constituted such that in the step for selectively removing the second 
insulating film, the second insulating film is selectively etched and 
removed by vapor phase etching process utilizing fluorine radical in which 

15 difference of etching rate exists between etching rate to the second 
high-dielectric insulating material and etching rate to the first 
high-dielectric insulating material or the base insulating film. 
In the above case, the method for manufacturing a semiconductor device 
can be constituted such that the first and the second high -dielectric 

20 insulating material are formed to have different crystal structure each other 
by setting such that first temperature of the substrate when forming the first 
insulating film and second temperature of the substrate when forming the 
second insulating film are different from each other. 

In the above case, the method for manufacturing a semiconductor device 
25 may be constituted such that the method further includes a step for 



"04 10/14 THU 16:14 FAX 03 3402 4660 3j *M h-y^ay" Av'a -»-»-» McGl nn&Glbb lg|022 



21 

subjecting the first and the second insulating films to heat treatment after 
carrying out a step of forming the second insulating film, temperature of 
the heat treatment being set such that at least one of the first and the second 
high-dielectric insulating material is improved on its property. 
5 In the above case, the method for manufacturing a semiconductor device 
can be constituted such that the step for forming the first and the second 
insulating films comprises 

a step for forming the first insulating film constituted of the first 
high-dielectric insulating material in the first and the second forming 
10 regions and 

a step for forming the second insulating film constituted of the second 
high-dielectric insulating material on the first insulating film. 
In the above case, the method for manufacturing a semiconductor device 
can be constituted such that the step for forming the first and the second 

15 insulating films comprises 

a step for forming the first insulating film constituted of the first 
high-dielectric insulating material in the first and second forming regions, 
a step for forming metal film on the first insulating film, 
a step for forming composition-modulated layers by subjecting the 

20 first insulating film and the metal film to heat treatment, 

the heat treatment causing that a reaction occurs between constitutive 
element of the first insulating film and constitutive element of the metal 
film, a laminated body of the first insulating film and the metal film is 
composition-modulated in the direction of the film thickness, underneath 

25 region is constituted of the first insulating film constituted of the first 
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high-dielectric insulating material, and upper region is constituted of the 
second insulating film constituted of the second high-dielectric insulating 
material. 

A method for forming first and second insulating film structure provided 
5 by fifth aspect of the present invention is ; 

a method for forming first and second insulating film structure with 
different electric film thickness each other on the same semiconductor 
substrate, the method including; 

a step for forming layer structure including a first insulating film 
10 constituted of first high-dielectric insulating material and a second 
insulating film constituted of second high-dielectric insulating material 
extending on the first insulating film in a first selection region and a second 
selection region selected on the semiconductor substrate and 

a step for selectively removing the second insulating film while 
15 remaining the first insulating film at least in the first selection region. 

In the above case, the method for forming first and second insulating film 
structure may be constituted such that in the step for selectively removing 
the second insulating film, the second insulating film is selectively etched 
and removed by wet-etching process utilizing etching solution with 
20 solution composition in which difference of etching rate exists between 
etching rate to the second high-dielectric insulating material and etching 
rate to the first high-dielectric insulating material. In this case, for instance, 
the etching solution may be hydrofluoric acid solution, the etching solution 
may be hydrofluoric acid solution. 
25 In the above case, the method for forming first and second insulating film 
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structure may be constituted such that 

In the above case, the method for forming first and second insulating film 
structure may be constituted such that in the step for selectively removing 
the second insulating film, the second insulating film is selectively etched 
5 and removed by vapor phase etching process utilizing fluorine radical with 
mid-level vapor phase density in which difference of etching rate exists 
between etching rate to the second high-dielectric insulating material and 
etching rate to the first high-dielectric insulating material. 
In the above case, the method for forming first and second insulating film 

10 structure may be constituted such that the method further includes a step 
for forming a base insulating film constituted of at least any one of a silicon 
oxidation film, a silicon oxynitride film and a silicon nitriding film in the 
first and the second forming regions, thereby forming the first insulating 
film on the base insulating film. 

15 In the above case, the method for forming first and second insulating film 
structure may be constituted such that in the step for selectively removing 
the second insulating film, the second insulating film is selectively etched 
and removed by wet-etching process utilizing etching solution with 
solution composition in which difference of etching rate exists between 

20 etching rate to the second high-dielectric insulating material and etching 
rate to the first high-dielectric insulating material or the base insulating film. 
In this case, for instance, the etching solution may be hydrofluoric acid 
solution. 

In the above case, the method for forming first and second insulating film 
25 structure may be constituted such that in the step for selectively removing 
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the second insulating film, the second insulating film is selectively etched 
and removed by vapor phase etching process utilizing fluorine radical with 
mid-level vapor phase density in which difference of etching rate exists 
between etching rate to the second high-dielectric insulating material and 
5 etching rate to the first high -dielectric insulating material or the base 
insulating film. 

In the above case, the method for forming first and second insulating film 
structure may be constituted such that the first and the second 
high-dielectric insulating material are formed to have different crystal 
10 structure each other by setting such that first temperature of the substrate 
when forming the first insulating film and second temperature of the 
substrate when forming the second insulating film are different from each 
other. 

In the above case, the method for forming first and second insulating film 
15 structure may be constituted such that the method further includes a step 
for subjecting the first and the second insulating films to heat treatment 
after carrying out a step of forming the second insulating film, temperature 
of the heat treatment being set such that at least one of the first and the 
second high-dielectric insulating material is improved on its property. 
20 In the above case, the method for forming first and second insulating film 
structure can be constituted such that the step for forming the first and the 
second insulating films comprises 

a step for forming the first insulating film constituted of the first 
high-dielectric insulating material in the first and the second forming 
25 regions and 
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a step for forming the second insulating film constituted of the second 
high-dielectric insulating material on the first insulating film. 
In the above case, the method for forming first and second insulating film 
structure can be constituted such that the step for forming the first and the 
5 second insulating films comprises; 

a step for forming the first insulating film constituted of the first 
high-dielectric insulating material in the first and second forming regions, 
a step for forming metal film on the first insulating film, 
a step for forming composition-modulated layers by subjecting the 

10 first insulating film and the metal film to heat treatment, 

the heat treatment causing that a reaction occurs between constitutive 
element of the first insulating film and constitutive element of the metal 
film, a laminated body of the first insulating film and the metal film is 
composition-modulated in the direction of the film thickness, underneath 

15 region is constituted of the first insulating film constituted of the first 
high-dielectric insulating material, and upper region is constituted of the 
second insulating film constituted of the second high-dielectric insulating 
material. 

20 Brief description of Drawings 

Fig. 1A to 1C are partial longitudinal sectional views showing a 
series of basic multi-oxide process utilizing lamination structure including 
a plurality of insulating films constituted of high-dielectric insulating 
material in the manufacturing process of the semiconductor device 
25 according to the present invention. 
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Fig. 2 is a view exemplarily showing general trend in relation to 
dependency of etching rate of high-dielectric insulating material on 
constitutive element, composition and crystal structure. 

Fig. 3 is a view exemplarily showing variation of remaining film 
5 thickness with respect to etching time in a selective etching process 
utilizing etching rate difference for lamination structure constituted of thin 
films of high-dielectric insulating material with different etching rate. 

Fig. 4A to 4D are partial longitudinal sectional views showing a 
series of process for manufacturing a semiconductor device of the first 
10 embodiment by means of multi-oxide process including a selective etching 
step to lamination structure of ZrSio/Zro2/Sio2 in application of a method 
for manufacturing a semiconductor device of the present invention. 

Fig. 5A to 5D are partial longitudinal sectional views showing a 
series of process for manufacturing a semiconductor device of the second 
15 embodiment by means of multi-oxide process including a selective etching 
step to lamination structure of amorphous Zro^crystal Zro2/Sio 2 in 
application of a method for manufacturing semiconductor device of the 
present invention. 

Fig. 6A to 6D are partial longitudinal sectional views showing a 
20 series of process for manufacturing a semiconductor device of the third 
embodiment by means of multi-oxide process including a selective etching 
step to lamination structure of ZrSio/SioN in application of a method for 
manufacturing semiconductor device of the present invention. 
Figs. 7A to 7E are partial longitudinal sectional views showing a series of 
25 process for manufacturing a semiconductor device of the fifth embodiment 
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by means of multi-oxide process including a selective etching step to film 
structure of film of Zro 2 (film of ZrSio) modulated in composition in the 
direction of the film thickness in application of a method for manufacturing 
semiconductor device of the present invention. 
5 Fig. 8 is a view exemplarily showing, when forming a film of 
high-dielectric insulating material, typical variation of film density of the 
film of the high-dielectric insulating material arising from change of 
substrate temperature to depth of the film of the high-dielectric insulating 
material and typical variation of dangling bond density in the film of the 
10 high-dielectric insulating material. 

Best Modes for Carrying Out The Invention 

The invention will be explained in more detail below. 
According to the present invention with regard to plural kinds of 

15 transistors constituting a semiconductor device, when forming on the same 
silicon substrate the plural kinds of transistors having gate insulator films in 
which electric film thickness, that is, effective film thickness are different 
from each other, the one insulating film in which film thickness is 
relatively large is constituted to include lamination structure of thin films 

20 constituted of two kinds or more of high-dielectric insulating material with 
different etching rate, and the other insulating film in which film thickness 
is relatively small is constituted to thin electric film thickness by selectively 
etching at least one thin film of the high-dielectric insulating material 
among the thin films constituted of the two kinds or more of high-dielectric 

25 insulating material in the lamination structure. After once fonriing the 
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lamination structure of the thin films constituted of two kinds or more of 
high-dielectric insulating material with different etching rate, multi-oxide 
process corresponding to a film of the high-dielectric insulating material is 
put into practice by utilizing a step for selectively etching the portion. 
5 Namely, by utilizing a film of the high-dielectric insulating material as the 
gate insulator film, leak electric current can be reduced increasing physical 
film thickness while maintaining necessary electric film thickness 
compared with the conventional case using silicon oxidation film. 

Further by selecting high-dielectric insulating material with low 

10 etching rate as high-dielectric insulating material for the underneath layer 
compared with high-dielectric insulating material for upper and 
intermediate layers of the lamination structure, the upper and intermediate 
layers can be etched and removed partially and selectively in the etching 
step carried out after lamination while avoiding over-etching to the 

15 underneath layer, thereby producing plural kinds of gate insulator films 
having different electric film thickness with high repeatability. 

Therefore, the present invention is to provides a constitution and 
manufacturing process of a semiconductor device enabling not to bleed 
problems such as fluctuation in film thickness of an insulating film and 

20 wafer contamination while employing high-dielectric insulating material 
and holding process expediency in the multi-oxide process. 

Heretofore, silicon oxidation film (thermal oxidation film) or 
oxynitride film extensively used as an insulating material film for a gate 
insulator film is processed by etching in utilizing the technique of 

25 wet-etching which uses hydrofluoric acid solution, or reactive dry-etching 
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which uses fluorine radical in gas plasma of CF system. Particularly in 
etching for a gate insulator film layer it is important not to introduce 
damage in processing as much as possible in order to achieve good 
interface state between the gate insulator film layer and a channel layer of 
5 silicon substrate. More specifically, from the above standpoint of view the 
technique of wet-etching which uses hydrofluoric acid solution without 
concern for the damage in processing is superior compared with the 
technique of reactive dry-etching as the technique of etching the gate 
insulator film layer. 

10 On the other hand, Zr0 2 and Hf0 2 to which research and 

development advances as high-dielectric insulating material applicable for 
use of the gate insulator film and etc., and further silicate material added 
silicon to them can be etched by the technique of wet-etching which uses 
hydrofluoric acid solution, and the technique of reactive dry-etching which 

15 uses fluorine radical, as the silicon oxidation film (thermal oxidation film) 
or the oxynitride film. In the case, one of major features of the 
high-dielectric insulating material is to widely change in etching rate 
depending on differences of constitutive elements or ratio of composition 
of the high-dielectric insulating material. Further in the high-dielectric 

20 insulating material, it is possible to deposit thin films having crystal or 
amorphous structure by appropriately setting technique of film forming and 
temperature of the substrate during film forming, and in doing so it is 
possible that etching rate has distinguished difference due to the crystal 
structure 

25 Fig, 2 illustrates exemplarily general trend in relation to 
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dependency of etching rate of the high-dielectric insulating material on 
constitutive element, composition and crystal structure. 
With respect to the difference in etching rate due to crystal structure and the 
difference in etching rate pertaining to difference of composition in this 
high-dielectric insulating material, for instance, the trend illustrated in Fig. 
2 is found in thin films of the high-dielectric insulating material which is 
considered as candidate material for the gate insulator film. 

Generally, for instance, high-dielectric insulating and thermally 
stable metallic oxide material has a tendency for lowering etching rate. 
Also, compared with metallic oxide material in accordance with 
stoichometric composition, silicate material added silicon therein has a 
tendency for increasing etching rate. Further as described above, it is 
possible to form with high degree of freedom lamination structure of thin 
films having crystal or amorphous structure by appropriately selecting film 
15 forming conditions, and in doing so etching rate of the thin films having 
amorphous structure drastically increases, compared with those of 
amorphous structure. 

In addition, etching rate in wet-etching by hydrofluoric acid 
solution or reactive dry-etching by utilizing fluorine radical is sensitive to 
20 with or without structural defect of material to be processed. More 
specifically, even though the films of high-dielectric insulating material are 
the same constitutive element or the same composition, density of the thin 
films obtained or disconnect joint density in the film (dangling bond 
density) greatly changes depending on difference of the film forming 
25 conditions. In the above technique of etching based on chemical reaction 
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such as wet-etching or reactive dry-etching, etching rate depends on the 
structural defect in the film, particularly on dangling bond density. Namely, 
because etching starts from such a structural defect portion as an origin, 
etching rate increases as the dangling density increases. Also, because in 
5 the thin film with relatively lower density interatomic distance or bond 
angle is distorted from the most stable state, etching rate increases 
corresponding to lowering density of the thin film due to the mechanism, as 
in the case of etching acceleration originating on the structural defect. 

With respect to a basic figuration of multi-oxide process utilized in 

10 manufacturing process for the semiconductor device of the present 
invention, the case will be explained in detail hereinafter taking as an 
example, in which two kinds of films of high-dielectric insulating material 
are different in etching rate. 

Fig- 1A to 1C illustrates a series of basic multi-oxide process 

15 utilizing lamination structure including a plurality of insulating films 
constituted of high-dielectric insulating material in the manufacturing 
process of the semiconductor device according to the present invention. In 
one typical example for the multi-oxide process according to the present 
invention, in case of forming on silicon substrate surface lamination 

20 structure constituted of two kinds of thin films of high-dielectric insulating 
material with different etching rate the lamination structure is so formed 
such that the film of high-dielectric insulating material with lower etching 
rate is located in an underneath layer, and the film of high-dielectric 
insulating material with larger etching rate is located in an upper layer. 

25 In the illustration shown in Fig. 1A to 1C, high-dielectric 
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insulating material A of the upper layer 103 is constituted of material with 
larger etching rate compared with that of high-dielectric insulating material 
B of the underneath layer 104. In case of simultaneously forming a 
transistor element having a gate insulator film with electric film thickness 
5 to be thin on the first region 105 and a transistor element having a gate 
insulator film with electric film thickness to be thin on the second region 
106 by utilizing this lamination structure, selective etching process is 
carried out using resist mask 107 after masking the second region 106 with 
resist material. 

10 Fig. 3 illustrates variation of remaining film thickness with respect 

to etching time in a selective etching process utilizing etching rate 
difference for lamination structure constituted of thin films of 
high-dielectric insulating material with different etching rate. As 
exemplarily shown in Fig.3, because of different etching rate between two 

15 kinds of high-dielectric insulating material A and B moderate etching runs 
on in high-dielectric insulating material B of the underneath layer 104 
exposed after high-dielectric insulating material A of the upper layer 103 
has removed by etching- Therefore, by setting etching time a little longer 
than that necessary for completely removing the upper layer 103 of 

20 high-dielectric insulating material A, that is, by setting the etching time 
such that the upper layer 103 is over- etched it is possible to selectively 
strip off (etching) only the upper layer 103 of high-dielectric insulating 
material A. 

Further an example of application for manufacturing process of 
25 transistor elements will be explained below, in which are provided with 
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three kinds of gate insulator films with different electric film thickness on 
the same silicon substrate. In the case the three kinds of thin films A, B and 
C of high-dielectric insulating material are utilized wherein each thin film 
of high-dielectric insulating material is selected to be A>B>C in the order 
5 of largeness of etching rate. Then, in the first, lamination structure is so 
formed that the thin film A of high-dielectric insulating material exists in 
the underneath layer, the thin film B of high-dielectric insulating material 
exists in the intermediate layer and the thin film C of high-dielectric 
insulating material exists in the upper layer. In case of forming a gate 

10 insulator film layer with the thinnest electric film thickness in the first 
region 1, the first region 1 is subjected to the selective etching after 
protecting the second region 2 and the third region 3 using resist mask. In 
doing so it is possible to constitute the gate insulator film layer formed in 
the first region 1 of only the thin film C of high-dielectric insulating 

15 material in the underneath layer. In this case, with respect to the etching 
conditions for the first region 1 the etching rate and time is so selected to be 
suitable for exposing the surface of the thin film C of high-dielectric 
insulating material in the underneath layer, by selectively etching and 
removing thin film A of high-dielectric insulating material in the upper 

20 layer and thin film B of high-dielectric insulating material in the 
intermediate layer. 

In the next, in case of forming a gate insulator film layer with the 
mid-level electric film thickness in the second region 2, only the second 
region 2 is subjected to the selective etching after protecting both of the 

25 first region 1 and the third region 3, or only the second region 2 using resist 
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mask. In doing so it is possible to constitute the gate insulator film layer 
formed in the second region 2 of laminated layers with the thin film C of 
high-dielectric insulating material in the underneath layer and the thin film 
B of high-dielectric insulating material in the intermediate layer. In this 
5 case, with respect to the etching conditions the etching rate and time is so 
selected to be suitable for exposing the surface of the thin film B of 
high-dielectric insulating material in the intermediate layer, by selectively 
etching and removing only thin film A of high-dielectric insulating material 
in the upper layer. 

10 In selective etching process for the foregoing first region 1 the 

etching needs to carry out to film B of high-dielectric insulating material in 
the intermediate layer. But, in selective etching process for this second 
region 2, because of etching only the film A of high-dielectric insulating 
material in the upper layer in which etching rate is largest, much more 

15 moderate and suppressing conditions of etching than those in selective 
etching process for the foregoing first region 1 are employed, for instance, 
lightening concentration of chemicals for use of wet-etching ox lowering 
radical density for use of reactive dry-etching. Under such moderate 
etching conditions extremely moderate etching mas on in high-dielectric 

20 insulating material B in the intermediate layer exposed after high-dielectric 
insulating material film A in the upper layer has removed by etching. 
Therefore, by setting the etching time such that the upper layer is a little 
over- etched it is possible to selectively strip off (etching) only the film A 
layer of high-dielectric insulating material in the upper layer. Further even 

25 if the first region 1 is not subjected to protection of resist mask, it is 
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possible to suppress decrease in the electric film thickness of the gate 
insulator film in the first region 1 to the extent of negligible small, because 
progression of etching is quite few to the thin film C of high-dielectric 
insulating material in the underneath exposed during all that time. 
5 As the result the third region 3 is not subjected to etching, and 

there remains three layer structure wherein the thin film C of 
high-dielectric insulating material is the underneath layer, the thin film B of 
high-dielectric insulating material is the intermediate layer and the thin film 
A of high-dielectric insulating material is the upper layer. Accordingly, in 

10 the third region 3 a gate insulator film with the electric film thickness to be 
largest is formed as the result. 

In addition, in accordance with different target electric film 
thickness of three kinds of gate insulator films which are formed in the first, 
the second and the third regions 1, 2 and 3 respectively, each film thickness 

15 can be appropriately designed with respect to the thin film C of 
high-dielectric insulating material in the underneath, the thin film B of 
high-dielectric insulating material in the intermediate layer and the thin 
film A of high-dielectric insulating material in the upper layer, based on the 
dielectric constant of each high-dielectric insulating material. 

20 Specifically, in accordance with different target electric fUm 

thickness of gate insulator films which are formed in the first region 1 and 
the second region 2, each film thickness are uniquely determined with 
respect to the thin film C of high-dielectric insulating material in the 
underneath and the thin film B of high-dielectric insulating material in the 

25 intermediate layer, based on the dielectric constant of each high-dielectric 
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insulating material, and then it is possible to uniquely select the film 
thickness of the thin film A, based on the dielectric constant of the thin film 
A of high-dielectric insulating material in the upper layer, so as to satisfy 
target electric film current thickness of the gate insulator film in the third 
5 region 3. 

According to the manufacturing process of the semiconductor 
device of the present invention, in the series of the process which forms 
plural kinds of gate insulator films for transistor elements with different 
electric film thickness on the same silicon substrate utilizing multi-oxide 

10 process, it is possible to improve uniformity and repeatability of film 
thickness of the gate insulator film in each region of the elements compared 
with the conventional technique because selections of the target electric 
film thickness are carried out by selective etching and removal between 
respective layers with respect to high-dielectric insulating material films 

15 having lamination structure once deposited on the silicon substrate. 

In addition, in each selective etching process, compared with 
etching rate to the thin film of high-dielectric insulating material to be 
removed, etching rate to the thin film of high-dielectric insulating material 
in the direct underneath layer exposed thereafter is selected to have 

20 significant slow tempo, and as the result, in the selective etching process to 
each layer, etching runs on imperceptibly to the thin film of high-dielectric 
insulating material in the direct underneath layer, even if time for 
over-etching is slightly added to the etching time. Accordingly, it is 
possible to broadly set process margin. 

25 Further because selective etching process to each layer is carried 
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out after forming multi- layer structure by sequentially depositing plural 
kinds of thin films of high- dielectric insulating material on the silicon 
substrate, in these regions forming plural kinds of insulating films the thin 
films of insulating material covering the silicon substrate surface are 
5 completely stripped off(removal by etching), and there is no process for 
exposing the silicon substrate surface itself. Therefore, it is possible to 
avoid a problem that in the process of etching or exfoliating resist interface 
between silicon substrate of element forming region and the gate insulator 
film is contaminated. 

10 In addition, as previously described, it is also possible to 

manufacture the semiconductor device having transistors on the same 
silicon substrate, which are provided with three kinds or more of gate 
insulator films with different target electric thickness, by lamination 
structure of plural kinds of high-dielectric insulating material films, and 

15 plural times of selective etching process. In doing so, combination of each 
process in the multi-oxide process has an abundance of expediency and 
advantages in cost performance in connection with simplification of whole 
the process. 

In addition, in case of selecting, as two continuous thin films 
20 constituted of lamination structure and with different etching rate, crystal 
structure and amorphous structure of high-dielectric insulating material 
films with same composition in the underneath layer and the upper layer 
and utilizing etching rate difference arising from difference of crystallinity, 
it is possible to improve electrical property of the thin film layer with 
25 amorphous structure and interfacial property of each layer by subjecting to 
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re-heat treatment or crystallization process at desired temperature, after the 
selective etching process to each layer in the above multi-oxide process. 

For instance, when the crystallization treatment completes to the 
thin film with amorphous structure the crystal structure layer acquired by 
5 the crystallization treatment of the upper layer becomes high-dielectric 
insulating material film by no means inferior to the pre-existent crystal 
structure layer of the underneath layer on the property. Therefore, in the 
two regions which have difference of only with or without the thin film 
layer of amorphous structure, these thin film layers of high-dielectric 

10 insulating material with crystal structure, after crystallization treatment, 
become substantially the same in the composition and crystal structure, 
though film thickness are different from each other. 

Further in case of considering structure of a semiconductor device 
to which the above multi-oxide process is applicable, namely, considering, 

15 besides different kinds and plural of high-dielectric insulating material 
films, operation of a device element having lamination structure in which 
silicon oxidation film or oxynitride film is added, the added silicon 
oxidation film or oxynitride film contributes to low electric power 
consumption of the whole device and to high performance of the device in 

20 which high speed operation is required 

In order to lower electric power consumption, particularly to 
reduce leak current component in the gate insulator film, besides increase 
of physical film thickness by high-dielectric of insulating material used for 
gate insulator film, it is desirable to sufficiently increase band-offset of 

25 valence band and conduction band in the interface of the gate insulator film 
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and the silicon substrate. It is generally known that dielectric constant of 
insulating material and band gap have a negative correlationship, and band 
offset in the interface of high-dielectric insulating material and silicon 
substrate is small. 

5 In the semiconductor device of the present invention, from the 

view point of reduction in leak current, it is possible to design gate 
insulator film structure that causes to avoid decrease of band offset in the 
interface of the gate insulator film and the silicon substrate, and to 
effectively suppress leak current by combination of high -dielectric 

10 insulating material with relatively wide band gap and insulating material 
with high dielectric constant. 

More specifically, it is possible to utilize lamination structure 
combined by use of a silicon oxynitride film or a silicon nitride film as the 
high-dielectric insulating material with relatively wide band gap and use of 

15 such as Zr0 2 or HfO z and etc. (described later) as the insulating material 
with high dielectric constant. Instead, in the interface of the gate insulator 
film and the silicon substrate any one of a silicon oxidation film, a silicon 
oxynitride film and a silicon nitride film is formed so as to exist as the 
interface layer. This interface layer is superior in affinity with silicon 

20 substrate and constitutes an insulating material film with large band offset. 
It is also possible to form a layer of the high-dielectric insulating material 

on this interface layer. 

Further though in the above description lamination structure 
constituted of only the thin film of high-dielectric insulating material is 
25 explained as an example regarding the figuration of embodiment of the 
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present invention, it is also possible for another figuration of embodiment 
that a silicon oxidation film or an oxynitride film as a base insulating film 
is located in the interface of a gate insulator film and silicon substrate, and 
thereon the above lamination structure constituted of the thin film of 
5 high-dielectric insulating material is formed. In doing so, insertion of the 
silicon oxidation film as a base insulating film into the interface of the thin 
film of high-dielectric insulating material and the silicon substrate is 
effective from the standpoint of improvement of electrical property in the 
interface. Also, insertion of the oxynitride film as the base insulating film 

10 into the interface of the thin film of high-dielectric insulating material and 
the silicon substrate is effective to suppress reaction in the interface. Also, 
because of the similar reasons, insertion of the silicon oxidation film or the 
oxynitride film into a junction interface of a polysilicon electrode mounted 
on a gate insulator film or a polysilicon germanium electrode (upper 

15 electrode) as a gate electrode and gate insulator film structure is effective to 
suppress current infusion effect from the upper electrode. 

In addition, there are a variety of figurations in combination of 
lamination structure constituted of the thin film of high -dielectric insulating 
material and the silicon oxidation film or the oxynitride film from a view 

20 point of circuit design for whole the semiconductor device. For instance, it 
is possible to reduce leak current by constituting a region in thin electric 
film thickness with a thin film of high-dielectric insulating material. 
However, as pointed out long before, in the thin film of high-dielectric 
insulating material, there is a problem of low reliability compared with the 

25 silicon oxidation film and further there exist unresolved issues on 
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application for the device arising from fixed charge in the film and 
interface defect. Therefore, it is necessary to select best suited insulating 
film for each element constituting the semiconductor device. For instance, 
as for an element required for high electric current drivability, the leak 
5 current beyond ordinary level of the design criterion to the element may be 
permitted by using thinner silicon oxidation films or oxynitride films. On 
the contrary, as for an element constituting circumferential circuit of the 
device, it is effective to constitute whole the semiconductor device so as to 
drastically suppress electric power consumption by using thin films of 

10 high-dielectric insulating material. 

Accordingly, in the etching process to the thin film of insulating 
material by manufacturing method of the present invention, it is desirable 
to exclude physical effect as much as possible and utilize wet-etching based 
on chemical reaction or reactive dry-etching by use of radical species in 

15 order to realize selective etching among the thin film of different 
high-dielectric insulating material, the silicon oxidation film or the 
oxynitride film. Particularly, wet-etching using hydrofluoric acid solution is 
applicable for etching not only the silicon oxidation film or the oxynitride 
film, but also many thin films of high -dielectric insulating material, and 

20 further wet-etching rate remarkably changes depending on constitution 
element, composition or crystal structure of the high-dielectric insulating 
material. 

Also in dry-etching method, it is effective to employ, for instance, 
reactive dry-etching process by reaction with radical species, as the etching 
25 means for main mechanism of chemical reaction with radical species in 
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which sputtering effect accompanied by high energy-ion irradiation is 
excluded. Further in order to realize selective etching with high 
controllability, it is desirable to select etching conditions wherein relatively 
large etching rate to the upper layer is about several angstroms per second. 
5 On the other hand, it is desirable to select etching conditions wherein 
relatively low etching rate to the underneath layer is 1/10-1/100 of the last 
etching rate. 

Typical example of high-dielectric insulating material available 
when the present invention is implemented includes Zr0 2 , Hf0 2 , Ta 2 0 5 , 

10 A1 2 0 3 , Nb 2 Os, and SC2O3, Y 2 0 3 which are oxide of rare-earth element, or 
La 2 0 3 , Ce0 2 , Pr 2 0 3 , Nd 2 0 3 , Sm 2 0 3 , Eu 2 0 3 , Gd 2 0 3 , Tb 2 0 3 , Dy 2 0 3 , Ho 2 0 3 , 
Er 2 0 3 , Tm 2 0 3 , Yb 2 0 3 , Lu 2 0 3 which are oxide of lanthanoid element, and 
further includes silicate material derived from those metallic oxide, but 
does not limit to them. Also, light element such as nitrogen or fluorine is 

15 available for addition element which changes etching rate to thin films of 
those high-dielectric insulating material. 

Further in the above description lamination structure utilizing 
difference of etching rate is already explained which arises from difference 
of constitution element or composition and crystal structure of the thin film 

20 of high-dielectric insulating material. Further more, difference of etching 
rate exists in structure in which composition continuously changes in the 
direction of film thickness of the thin film of high-dielectric insulating 
material, namely, in composition modulated structure, as the result similar 
effect of selective etching can be obtained. In the case, change of etching 

25 rate is continuous in the thin film of high-dielectric insulating material 
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having composition modulated structure which has moderate change of 
composition in the direction of film thickness compared with lamination 
structure having sharp change of composition. For this reason, process 
margin during selective etching becomes relatively narrow. Also, there is a 
5 tendency with a little inferior compared with lamination structure in 
uniformity and repeatability with regard to film thickness of high-dielectric 
insulating material film remaining after processing by selective etching. In 
this regards, though restriction of higher controllability in process exists, it 
is possible to improve electrical property in the film and junction interface 
10 by continuously modulating composition in the high-dielectric insulating 
material film. 

The present invention will be explained more specifically by 
preferred embodiments. In addition, though these embodiments are 
examples of best mode concerning a semiconductor device related to the 

15 present invention, namely, the semiconductor device including a transistor 
having plural kinds of gate insulator films with different film thickness, 
which are formed on the same silicon substrate by multi-oxide process 
utilizing lamination structure of thin films of high-dielectric insulating 
material, and a method for manufacturing therefor, but the present 

20 invention is not limited to these embodiments. 
(Embodiment 1) 

Figs. 4A to 4D illustrate a series of process for manufacturing a 
semiconductor device of the first embodiment by means of multi-oxide 
process including a selective etching step to lamination structure of 
25 ZrSio/Zr02/Sio 2 in application of a method for manufacturing a 
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semiconductor device of the present invention. In the semiconductor device 
of the embodiment 1 the lamination structure with two kinds of thin films 
of high-dielectric insulating material constituted of a film 404 of Zr0 2 and 
a film 405 of Zr silicate (ZrSiO ) is utilized for the purpose of forming 
5 plural kinds of gate insulator films with different electrical film thickness. 
In addition in the semiconductor device of the embodiment 1 the detailed 
element structure of each transistor, such as side walls pertaining to the gate 
electrode 409, which is used to form LDD structure are omitted in the 
drawing for the purpose to simplify the explanation. 

10 Fig. 4A shows a region divided by the oxidation film 402 for 

element separation as the first region 406 and the second region 407 to 
form two kinds of transistors provided on the surface of the silicon 
substrate 401. Firstly, after cleaning the silicon substrate, a thermal 
oxidation film (silicon oxidation film ) 403 with the film thickness of 0.5 

15 nm is formed on the surface of the first region 406 and the second region 
407. This silicon oxidation film 403 is inserted for the purpose of 
improving interface thermal stability and electrical property of the silicon 
substrate 401 and a thin film 404 of Zr0 2 (to be mentioned later ) as a base 
insulating film layer. Then the thin film 404 of ZrO z with the film thickness 

20 of 2.5 nm having crystal structure is deposited on the surface of the silicon 
oxidation film 403 with the raw material of ZrCl 4 and H 2 0 by the process 
of CVD(Chemical Vapor Deposition ).Continuously, by adding raw 
material gas of Si 2 H<; to the film forming condition of the CVD process and 
depositing a thin film 405 of Zr silicate(ZrSiO ) with the film thickness of 6 

25 nm, lamination structure of ZrSiO/Zr02/Si0 2 is formed, wherein the thin 
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film 405 of Zr silicate has amorphous structure. 

Fig. 4B shows the resist mask 408 utilized in a step for selectively 
etching and removing only silicate thin film 405 on the first region 406. 
This resist mask 408 protects the surface of the second region 407, and is 
5 provided with an opening portion on the first region 406. Etching to the 
silicate film 405 is carried out by diluting hydrofluoric acid solution while 
utilizing the resist mask 408. Etching rate to the silicate film 405 is about 
one hundred times of that to the crystal film 404 of Zr0 2 , and for instance, 
even in case of setting the etching time to the silicate film such that etching 

10 quantity of 12 nm is carried out, that is, the over-etching time of 200 %, 
etching quantity to the exposed film 404 of ZrCh. reaches at most 0.06 nm, 
thereby realizing the ideal selective etching as illustrated in Fig. 3. 

Fig. 4C shows a state wherein the resist mask has been stripped off 
and removed after finishing the selective etching process to the first region 

15 406. After exfoliating of the resist re-heat treatment to the film 405 of Zr 
silicate with amorphous structure is carried out at 700 °C in nitrogen 
atmosphere to improve film quality. As the result, a gate insulator film of 
lamination structure of Tx&JSio?. is formed on the first region 406, and on 
the other hand a gate oxidation film improved in film quality of lamination 

20 structure of ZrSiO/ Zro2/Sio2 is formed on the second region 407. 

Fig. 4D shows a state of a transistor formed thereafter in 
accordance with the conventional process in which forming of source and 
drain is carried out by ion implantation while utilizing the polysilicon gate 
electrode 409 and the pertaining side wall. Also, there remains silicide layer 

25 410 used in such process on the polysilicon gate electrode 409. 
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In the semiconductor device according to the embodiment 1, the 
gate insulator film of the transistor formed in the first region 406 is 
lamination structure of Zros/Sioz with thin electric film thickness, and the 
gate insulator Film of the transistor formed in the second region 407 is 
5 lamination structure improved in film quality of ZrSiO/Zro2/Sio2 with 
relatively large electric film thickness. According to the result in actual 
measurement of electric film thickness converted to silicon oxidation film, 
namely, equivalent oxidation film thickness and values of leak current with 
respect to each gate insulator film, in a thin film layer region of the first 

10 region 406 equivalent oxidation film thickness is 1.0 nm, and leak current 
is 2 A/cm 2 when applying 1 volt, and in a thick film layer region of the 
second region 407 equivalent oxidation film thickness is 3.0 nm, and leak 
current is less than 10" 10 A/cm2 when applying 1 volt. Therefore, more than 
3-4 orders of leak current reduction effect can be achieved, compared with 

15 the conventional usage of silicon oxidation film having the same equivalent 
oxidation film thickness. 

Also, according to the result in evaluating fluctuation on film 
thickness of each gate insulator film from the stand point of device 
property with respect to the element of each region in the same silicon 

20 substrate, the fluctuation on film thickness of the insulating film can be 
reduced to the extent of less than half, compared with the case in forming 
by the conventional multi- oxide process. 

Further, in the above manufacturing process, because of including 
no process in which silicon substrate surface is exposed after forming the 

25 lamination structure, it is possible to suppress the occurrence of interface 
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defect (interface fixed charge) accompanied by contamination of the gate 
insulator film layer and silicon substrate interface and the occurrence of 
precursor to the interface defect, and to improve reliability for long time 
usage of the formed element. 
5 (Embodiment 2) 

Figs. 5A to 5D are partial longitudinal sectional views showing a 
series of process for manufacturing a semiconductor device of the second 
embodiment by means of multi-oxide process including a selective etching 
step to lamination structure of amorphous Zro^crystal Zro2/Sio2 in 
10 application of a method for manufacturing semiconductor device of the 
present invention. 

In the semiconductor device of the embodiment 2 the lamination structure 
with two kinds of thin films of high-dielectric insulating material 
constituted of a crystal film 504 of Zr0 2 and an amorphous film 505 of 

15 Zr0 2 is utilized for the purpose of forming plural kinds of gate insulator 
films with different electrical film thickness. In addition in the 
semiconductor device of the embodiment 2 the detailed element structure 
of each transistor, such as side walls pertaining to the gate electrode 510, 
which is used to form LDD structure are omitted in the drawing for the 

20 purpose to simplify the explanation. 

Fig. 5A shows a region divided by the oxidation film 502 for 
element separation as the first region 506 and the second region 507 to 
form two kinds of transistors provided on the surface of the silicon 
substrate 501. Firstly, after cleaning the silicon substrate, a thermal 

25 oxidation film (silicon oxidation film ) 503 with the film thickness of 0.5 
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nm is formed on the surface of the first region 506 and the second region 
507. This silicon oxidation film 503 is inserted for the purpose of 
improving interface thermal stability and electrical property of the silicon 
substrate 501 and a thin film 504 of Zr0 2 (to be mentioned later ) as a base 
5 insulating film layer. Then the thin film 504 of Zr0 2 with the film thickness 
of 2.5 nm having crystal structure is deposited on the surface of the silicon 
oxidation film 503 with the raw material of ZrCl 4 and H 2 0 by the process 
of CVD. Continuously, the film 505 of Zr0 2 with the film thickness of 12.0 
nm is formed by sputtering process using a target of Zr0 2 on the film 504 
10 of Zr0 2 formed by the CVD. In addition, when the sputtering process is 
carried out on the condition that the substrate temperature is room 
temperature, composition of the film formed has stoichiometrical 
composition of Zr0 2 , but the film structure is constituted of amorphous or 
micro crystalline of the scale of several nm. 
15 Fig. 5B shows the resist mask 508 utilized in a step for selectively 

etching and removing only the amorphous film 505 of ZrOz formed by 
sputtering on the first region 506. This resist mask 508 protects the surface 
of the second region 507, and is provided with an opening portion on the 
first region 506. Etching to the amorphous film 505 of Zr0 2 is carried out 
20 by diluting hydrofluoric acid solution while utilizing the resist mask 508. 
Etching rate to the amorphous film 505 of Zr0 2 is about 10-100 times of 
that to the crystal film 504 of Zr0 2 , and for instance, by controlling the 
etching time to the amorphous film 505 of Zr0 2 such that etching quantity 
of 12 nm is carried out, and the over-etching time does not lengthen 
25 unnecessarily, etching quantity to the exposed crystal film 504 of Zt0 2 can 
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be suppressed to the extent of negligible small, thereby enabling the good 
selective etching. 

Fig. 5C shows a state wherein the resist mask has been stripped off 
and removed after finishing the selective etching process to the first region 
5 506. After exfoliating of the resist re-heat treatment to the amorphous film 
505 of Zr 0 2 is carried out at 700°C in nitrogen atmosphere to improve 
film quality. By the heat treatment crystallization of remained amorphous 
layer of Zr0 2 runs on in the second region 507. As the result, in the second 
region 507 gate oxidation film of lamination structure of crystallized 

10 Zr02/Zr02/Si0 2 is formed, and in the event, crystallized film of Zr0 2 and 
crystal film 504 of Zr0 2 are not different substantially in crystal structure 
and constitute the single layer-like film 509 of Zr0 2 . 

Fig. 5D shows a state of a transistor formed thereafter in 
accordance with the conventional process in which forming of source and 

15 drain is carried out by ion implantation while utilizing the poly silicon gate 
electrode 510 and the pertaining side wall. Also, there remains silicide layer 
511 used in such process on the poly silicon gate electrode 510. 

In the semiconductor device according to the embodiment 2, the 
gate insulator film of the transistor formed in the first region S06 is 

20 lamination structure of Zro 2 /Sio 2 with thin electric film thickness, and the 
gate insulator film of the transistor formed in the second region 5<S7 is a 
single layer-like lamination structure of Zro^Sic^ with relatively large 
electric film thickness- According to the result in actual measurement of 
electric film thickness converted to silicon oxidation film (equivalent 

25 oxidation film thickness) and values of leak current with respect to each 
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gate insulator film, in a thin film layer region of the first region 506 
equivalent oxidation film thickness is 1.0 nm, and leak current is 2 A/cm 2 
when applying 1 volt, and in a thick film layer region of the second region 
507 equivalent oxidation film thickness is 3.4 nm, and leak current is less 
5 than 10"" A/cm 2 when applying 1 volt. 

Also, according to the result in evaluating fluctuation on film 
thickness of each gate insulator film from the stand point of device 
property with respect to the element of each region in the same silicon 
substrate, the fluctuation on film thickness of the insulating film can be 

10 suppressed as in the above case of embodiment 1, compared with the case 
in forming by the conventional multi- oxide process. 

Also in the above manufacturing process, there is no process in 
which the silicon substrate surface is exposed after forming the lamination 
structure, and as the result it is possible in the gate insulator film to 

15 suppress deterioration of electric property arising from the interface 
roughness or the interface defect of the film inside and to improve 
reliability of the formed element. Particularly, in the embodiment 2, the 
second region 507 becomes a single layer of Zr0 2 in the course of 
crystallization of the amorphous portion in the gate insulator film, and as 

20 the result it is possible to reduce total electrical interface defect, compared 
with employing lamination structure of thin films of different kinds of 
high-dielectric insulating material. 

(Embodiment 3) 

25 Figs. 6A to 6D are partial longitudinal sectional views showing a 
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series of process for manufacturing a semiconductor device of the third 
embodiment by means of multi-oxide process including a selective etching 
step to lamination structure of ZrSio/SioN in application of a method for 
manufacturing semiconductor device of the present invention. In the 
5 semiconductor device of the embodiment 3 the lamination structure with 
two kinds of thin films of high-dielectric insulating material constituted of 
a film 604 of SiON (silicon oxynitride film) and a film 605 of ZrSiO (Zr 
silicate film) is utilized for the purpose of forming plural kinds of gate 
insulator films with different electrical film thickness. In addition in the 

10 semiconductor device of the embodiment 3 the detailed element structure 
of each transistor, such as side walls pertaining to the gate electrode 510, 
which is used to form LDD structure are omitted in the drawing for the 
purpose to simplify the explanation. 

Fig. 6A shows a region divided by the oxidation film 602 for 

15 element separation as the first region 605 and the second region 606 to 
form two kinds of transistors provided on the surface of the silicon 
substrate 601. Firstly, after cleaning the silicon substrate, a thermal 
oxidation film (silicon oxidation film) with the film thickness of 1.5 nm is 
formed on the surface of the first region 605 and the second region 606. 

20 This surface of silicon oxidation film is subjected to nitriding treatment by 
exposing to radical nitrogen atom generated with nitrogen gas in plasma. In 
many case nitriding reaction under radical irradiation runs on in radical 
oxynitride film formed by nitriding treatment of silicon oxidation film, and 
the physical film thickness at the nitriding portion increases together with 

25 progression of high-dielectric. In the embodiment 3, however because of 
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converting to silicon oxynitride film (SiON) 603 keeping the equivalent 
film thickness to oxidation film to be 1.5 nm, it is possible reduce leak 
current by the orders of 1.5 compared with the silicon oxidation film. 
Thereafter lamination structure of ZrSio/SioN is formed by forming a film 
5 604 of ZrSio with the film thickness of 10.0 nm utilizing CVD process on 
the silicon oxynitride film 603according as described in embodiment 1. 

Fig. 6B shows the resist mask 607 utilized in a step for selectively 
etching and removing only the film 604 of ZrSiO formed by CVD process 
on the first region 605. The resist mask 607 protects the surface of the 

10 second region 606, and is provided with an opening portion on the first 
region 605. Etching to the film 604 of ZrSiO is carried out by diluting 
hydrofluoric acid solution while utilizing the resist mask 607. Etching rate 
to the film 604 of ZrSiO is about 100 times of that to the film 603 of SiON, 
and for instance, by controlling the etching time to the film 603 such that 

15 etching quantity of 10 nm is carried out, and the over-etching time does not 
lengthen unnecessarily, etching quantity to the exposed film 603 of SiON 
can be suppressed to the extent of negligible small, thereby enabling the 
good selective etching. 

Fig. 6C shows a state wherein the resist mask 607 has been 

20 stripped off and removed after finishing the selective etching process to the 
first region 605. After exfoliating of the resist re-heat treatment to the film 
604 of ZrSiO with amorphous is carried out at 700*0 in nitrogen 
atmosphere to improve film quality. As the result, a gate oxidation film 
improved in film quality of lamination structure of ZrSiO/SioN is formed 

25 on the second region 606. 
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Fig. 6D shows a state of a transistor formed thereafter in accordance with 
the conventional process in which forming of source and drain is carried 
out by ion implantation while utilizing the polysilicon gate electrode 608 
and the pertaining side wall. Also, there remains silicide layer 609 used in 
5 such process on the polysilicon gate electrode 608. 

According to evaluation of electric property on each insulating 
film in the semiconductor device formed by the embodiment 3, with 
respect to the transistor formed in the first region 605 the gate insulator 
film is only the film of SiON and holds the above electric property, that is, 

10 the equivalent film thickness to oxidation film to be 1.5 nm because 
reducing in film thickness by selective etching is negligible small. On the 
other hand, with respect to the transistor formed in the second region 606 
the gate insulator film is lamination structure of ZrSiO/SiON improved in 
film quality, and according to the result of measurement of electric film 

15 thickness converted to silicon oxidation film, that is, the equivalent film 
thickness to oxidation film and leak current are 4.0 nm and less than 10" 11 
A/cm 2 (when applying 1 volt) respectively on the thick film region of the 
second region 606. 

In the structure of the semiconductor device of the embodiment 3, 

20 electric power consumption of the element improved in current drivability 
formed in the first region 605 is higher than those of the first region in the 
embodiment 1 or the embodiment 2. However, by employing the film of 
SiON as the gate insulator film it is possible to suppress the generation of 
fixed charge inside film or interface defect remaining as the problem in 

25 many high-dielectric insulating material films. Further reliability is 
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increased compared with structure utilizing the gate insulator film with 
lamination structure of Zr02/Si0 2 in the embodiment 1 or embodiment 2. 

(Embodiment 4) 

5 As the fourth embodiment of the present invention a 

semiconductor device is formed according as the process described in the 
embodiment 1 by employing lamination structure of ZrA102/Zr0 2 , instead 
of lamination structure of ZrSiO/Zr0 2 described in the embodiment 1 as 
shown in Figs. 4A to 4D. 

10 The first region and the second region for forming two kinds of 

transistors to be formed are divided each other by the oxidation film for 
separating element on the silicon substrate surface. A film of Zr0 2 with 
film thickness of 4 nm is formed in the first region and the second region 
by sputtering process after cleaning the silicon substrate. Continuously, a 

15 film of ZrA10 2 in which Al is added on the film of Zr0 2 by sputtering using 
target of ZrA10 2 is formed which constitutes lamination structure of 
ZrAKVZrCV The film of Zr0 2 and the film of ZrA10 2 in which Al is 
added on the film of Zr0 2 formed by sputtering are both amorphous 
structure. Addition of Al is effective to suppress crystallization of the thin 

20 film of Zr0 2 , and when such lamination structure is subjected to heat 
treatment at 600*0 in nitrogen atmosphere, crystallization only to the film 
of Zr0 2 of the underneath layer advances selectively. 

The etching rate to the film of ZrA10 2 with amorphous structure 
by diluting hydrofluoric acid solution is about ten times than that of the 

25 crystallized film of Zr0 2 , and as described in the embodiment 1, only the 
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film of ZrA10 2 of the first region is selectively etched and removed by 
utilizing the resist mask. Then, by exfoliating the resist mask the gate 
insulator film with crystal film of Zr0 2 in the first region and the gate 
insulator film with lamination structure of ZrA102/Zr0 2 in the second 
5 region are formed, respectively. 

In the process thereafter, according as the steps described in the 
embodiment 1 the transistor is made by forming the gate electrode and the 
source/drain region. Also, as to the gate insulator film constituted of these 
films of high-dielectric insulating material with different film thickness in 
10 the first region and the second region of the embodiment 4, the uniformity 
in film thickness of gate insulator film in the same substrate and the electric 
property are improved as in the above embodiment 1. 

(Embodiment 5) 

15 Figs. 7A to 7E show a series of process for manufacturing a 

semiconductor device of the fifth embodiment by means of multi-oxide 
process including a selective etching step to film structure of film of Zro 2 
(film of ZrSio) modulated in composition in the direction of the film 
thickness in application of a method for manufacturing semiconductor 

20 device of the present invention. 

In the semiconductor device of the embodiment 5 there is utilized the 
lamination structure constituted of the film 707 of Zr0 2 (ZrSiO) modulated 
in composition in the direction of the film thickness, which is made by heat 
treatment of metallic film 704 of Zr deposited on base thermal oxidation 

25 film (silicon oxidation film) under oxygen atmosphere to make plural kinds 
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of gate insulator films with different electric film thickness. In addition, in 
the semiconductor device of the embodiment 5 the detailed element 
structure of each transistor, such as side walls pertaining to the gate 
electrode 710, which is used to form LDD structure are omitted in the 
5 drawing for the purpose to simplify the explanation. 

Fig. 7 A shows a region divided by the oxidation film 702 for element 
separation as the first region 705 and the second region 706 to form two 
kinds of transistors provided on the surface of the silicon substrate 701. 
Firstly, after cleaning the silicon substrate, the thermal oxidation film 

10 (silicon oxidation film) 703 with the film thickness of 1.0 nm is formed on 
the surface of the first region 705 and the second region 706. 
On the surface of this silicon oxidation film 703 a metallic film 704 of Zr 
with the film thickness of 3 nm is deposited by vacuum deposition process 
on the condition that the substrate temperature is room temperature. 

15 Fig. 7B shows exemplarily lamination structure of 

Zr0 2 (ZrSiO)/Si0 2 formed by heat treatment under the above oxidation 
atmosphere and change of the content rate (modulation in composition) of 
metallic element Zr in the lamination structure. After depositing the 
metallic film 704 of Zr, through oxidation treatment to the metallic film 

20 of Zr by subjecting to re-heat treatment at 600*0 under depressed oxygen 
atmosphere at 1 Tbrr the metallic film 704 of Zr is converted to the film 
707 of Zr0 2 (ZrSiO) modulated in composition in the direction of the film 
thickness. Specifically, in the interface with the silicon substrate 701 
thickness of the film of Si0 2 increases by progression of oxidation reaction, 

25 and at the same time in the upper surface of silicon oxidation film 703 and 
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the interface of Zr02/Si0 2 , silicification of Zr0 2 to be generated occurs. In 
the event lamination structure of Zr0 2 (ZrSiO)/Si0 2 is formed. The film of 
Zr0 2 generated by thermal oxidation treatment to this metallic film of Zr is 
amorphous. Etching rate of this film of Zr0 2 by diluting hydrofluoric acid 
5 solution is about one hundred times than that of the film of Si0 2 generated 
at the interface with the silicon substrate. In addition in the film 707 of 
Zr02(ZrSiO) modulated in composition in the direction of the film 
thickness, composition from Zr0 2 on the surface to silicate of ZrSiO at the 
neighborhood of interface with the film in the underneath layer of Si0 2 

10 changes continuously and etching rate reduces continuously. 

Fig. 7C shows a resist mask 708 utilized when subjecting only the 
film 707 of Zr0 2 (ZrSiO) on the first region 705 to the process of selective 
etching and removing. The resist mask 708 protects the surface of the 
second region 706 and has an opening portion on the first region 705. 

15 Etching to the film 707 of Zr0 2 (ZrSiO) modulated in composition is 
carried out by diluting hydrofluoric acid solution while utilizing this resist 
mask 708. As mentioned above, in the film 707 of Zr0 2 (ZrSiO) modulated 
in composition in the direction of the film thickness, composition from 
Zr0 2 on the surface to silicate of ZrSiO at the neighborhood of interface 

20 with the film in the underneath layer of Si0 2 changes continuously and 
etching rate reduces continuously. But, by controlling the etching time such 
that the target etching quantity necessary for removal of the film of 
Zr0 2 (ZrSiO) is carried out, and the over-etching time does not lengthen 
unnecessarily, etching quantity to the exposed film of Si0 2 , more 

25 specifically the film 709 of Si0 2 having a layer region of Si0 2 which 
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surface includes minute amount of Zr, can be suppressed to the extent of 
negligible small, thereby enabling the good selective etching. 

Fig. 7D shows a state wherein the resist mask 708 has been 
stripped off and removed after finishing the selective etching process to the 
5 first region 705. In doing so there is formed in the first region 705 a gate 
insulator film constituted of the film 709 of Si0 2 (ZrSiO)/Si0 2 including Zr 
which continuously changes in composition and also there is formed in the 
second region 706 a gate insulator film constituted of lamination structure 
of Zr0 2 (ZrSiO)/Si0 2 modulated in composition in the direction of the film 

10 thickness, respectively. Namely, even though the gate insulator film in the 
first region 705 is the composition of Si0 2 at the interface with the silicon 
substrate an insulating film existing thereon can be utilized as the 
high-dielectric insulating material by containing Zr. 

Fig. 7E shows a state of a transistor formed thereafter in 

15 accordance with the conventional process in which forming of source and 
drain is carried out by ion implantation while utilizing the polysilicon gate 
electrode 710 and the pertaining side wall. Also, there remains silicide layer 
711 used in such process on the polysilicon gate electrode 710. 

Also, as to the gate insulator film constituted of these films of 

20 high-dielectric insulating material with different film thickness in the first 
region and the second region of the embodiment 5, the uniformity in film 
thickness of gate insulator film in the same substrate and the electric 
property are improved as in the above embodiment 1, because composition 
of Zr in the gate insulator film reduces in accordance with approaching to 

25 the silicon substrate and becomes composition of Si0 2 at the neighborhood 



'04 1 0/14 THU 16:37 FAX 03 3402 4660 



— McGlnn&Glbb 



@059 



59 

of the interface. 
(Modification) 

In the above described embodiments some examples utilizing thin 
5 films of Zr0 2 or ZrSiO as the high-dielectric insulating material are 
illustrated. However, the tendency with respect to difference of etching rate 
pertaining to difference of the film property as illustrated in Fig. 2 is also 
applicable to a great deal of high-dielectric insulating material which is 
candidate material for the gate insulator film. Therefore, though thermal 

10 stability or etching property to hydrofluoric acid solution of each thin film 
of the high-dielectric insulating material depends on the constitutive 
metallic element, it is possible to utilize multi-oxide process employing the 
selective etching process which utilizes difference of etching rate arising 
from difference of crystal structure or composition (including addition of 

15 different kinds of element) 

Also, with respect to etching method it is preferable to utilize 
wet-etching process from the standpoint of damage by processing. But, 
dry-etching process can be employed. In case of utilizing dry-etching 
process, difference of etching rate arising from difference of crystal 

20 structure or composition (including addition of different kinds of element) 
is not noticeable in a dry-etching process based on physical sputtering 
mechanism by accelerated ion irradiation, and thus it is impossible to 
expect the selective etching. Accordingly, it is preferable to utilize a 
dry-etching process which excludes high energy component contributing to 

25 such a sputtering mechanism. More specifically, it is effective to utilize not 
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sputtering mechanism, but reactive dry-etching process which utilizes 
reaction with fluorine radical bled off gas plasma of CF system by high 
frequency discharge- 
On the other hand, though in the above described embodiment 2, 
5 the lamination structure of the high-dielectric insulating material film with 
the different crystal structure (amorphous/crystal) is formed by controlling 
film forming process and the substrate temperature even the same 
amorphous material can be amorphous material different in film density or 
dangling density in the film by changing the substrate temperature in film 

10 forming and the lamination structure of the thin film can be formed. 

For instance, Fig. 8 illustrates exemplarily relationships between 
the substrate temperature at sputter deposition, and film density and 
dangling density with respect to thin films of Zr0 2 deposited by sputtering 
process wherein the obtained film density of the deposition film sample 

15 becomes gradually low and the dangling bond density becomes high as the 
substrate temperature at sputter deposition becomes low. According to 
research for etching rate to hydrofluoric acid solution with respect to 
amorphous films of Zr0 2 which are different in film density and dangling 
bond density it is figured out that the etching rate becomes large or fast, as 

20 the film density becomes low, correspondingly the dangling bond density 
becomes large or high. Namely, the amorphous film of Zr0 2 on the 
condition that the substrate temperature at sputter deposition is relatively 
low becomes large in etching rate by hydrofluoric acid solution. In case of 
forming the amorphous film of Zr0 2 by sputtering process while utilizing 

25 etching rate difference it is possible to realize multi-oxide process utilizing 
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selective etching process as the same with the above embodiment 1 by 
laminating the film of Zr0 2 deposited on the condition of lowering film 
forming temperature on the film of Zr0 2 deposited at high temperature. 

5 Industrial Applicability 

A semiconductor device of the present invention is provided that in 
a semiconductor device utilizing plural kinds of transistors having gate 
insulator films with different electric film thickness, at least two transistors 
in the semiconductor device are formed on the same silicon substrate and 

10 formed so as to have gate insulator films with different electric film 
thickness each other, and the one transistor including at least a first 
insulating film constituted of first high-dielectric insulating material in the 
gate insulator film and the other transistor having lamination structure 
including a second insulating film constituted of second high-dielectric 

15 insulating material in addition to the first insulating film constituted of the 
first high-dielectric insulating material in the gate insulator film, both gate 
insulator films can be constituted so as to be different from each other in 
the target electric film thickness by appropriately selecting the dielectric 
constant and film thickness of the first high-dielectric insulating material 

20 and the second high-dielectric insulating material- 
Further, a method for manufacturing the semiconductor device of the 
present invention is provided that by employment of such element 
constitution, subsequent process can be performed without exposing the 
silicon substrate surface beneath the gate insulator film after forming the 

25 first insulating film constituted of the first high-dielectric insulating 
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material, thereby effecting suppression of wafer contamination in 
multi-oxide process. For instance the lamination structure including a 
plurality of insulating films constituted of high-dielectric insulating 
material utilized in multi-oxide process is constituted by laminating thin 
5 films of plural kinds of high-dielectric insulating material different in 
constitution element, composition or crystal structure. Further because of 
including process for selectively etching and removing each thin film of 
high-dielectric insulating material while utilizing etching rate difference, 
the process can be easy to use and as the result, a multi-oxide process 

10 superior in repeatability can be accomplished. According to the method for 
manufacturing the semiconductor device of the present invention, by 
avoiding contamination of silicon substrate surface beneath the gate 
insulator film it is possible to prevent the electrical property of the gate 
insulator film from deteriorating and at the same time to suppress 

15 unnecessary over-etching quantity in the selective etching process and to 
form the gate insulator film superior in uniformity of film thickness in the 
substrate surface. In addition with respect to combination of plural kinds of 
thin films of high-dielectric insulating material with lamination structure, it 
is possible to optimize the constitution of the gate insulator film 

20 contributing to reduction of leak current. 
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